Polymorphic Alu insertions (POALINs) are known to contribute to the strong polymorphic nature of the Major Histocompatibility Complex (MHC). Previous population studies on MHC POALINs were limited to only Australian Caucasians and Japanese. Here, we report on the individual insertion frequency of the five POALINs within the MHC class I region, their HLA-A and -B associations, and the three and four locus alpha block POALIN haplotype frequencies in the Northeastern (NE) Thai population. Of the five POALINs, the lowest frequency was 0.018 for AluyHF and the highest frequency was 0.292 for AluyHJ and AluyHG. The strongest positive associations between the POALINs and HLA class I alleles was between AluyMICB and HLA-B * 57, AluyHJ and HLA-A * 24
Introduction
The Major Histocompatibility Complex (MHC) in humans is a polymorphic genomic region of approximately 3.6 megabases on the short arm of chromosome 6 (6p21.3). The complex consists of ∼ 224 closely linked genes and other genomic features (repeat elements) divided into 3 major sub-regions, Class II, especially the HLA genes (HLA-A, -B, -C, -DP, -DQ and -DR) . However, other markers have also been used in studying MHC haplotype variation, such as the polymorphic MHC-related genes (Romphruk et al. 2001) , microsatellites (Li et al. 2004 , Pascual et al. 2002 , SNPs (Holloway et al. 1999; Walsh et al. 2003) and polymorphic Alu insertions (POALINs) (Dunn et al. , 2003a Kulski et al. 2001 Kulski et al. , 2002a .
A large number of polymorphic Alu insertions located on different chromosomes are widely used in population studies (Antunez-de-Mayolo et al. 2002; Stoneking et al. 1997; Watkins et al. 2001) . Alu sequences are the largest family of short interspersed nucleotide elements (SINEs) in humans and other primates, with more than a million copies per haploid genome (Lander et al. 2001; Mighell et al. 1997; Rowald & Herrera, 2000) . They are derived ancestrally from the 7SL RNA gene and most are fixed in the human genome (Deininger & Batzer, 1991) , with approximately 4500 polymorphic Alu insertion sites estimated within the human genome Rowald & Herrera, 2000; Roy-Engel et al. 2001 ). The POALINs are of interest as genomic markers because they are estimated to contribute to at least 0.4% -1.0% of human genetic disorders, are biallelic (they are either present or absent within the genome at a particular site), may be selectively neutral and are generally free of homoplasy (Deninger & Batzer, 1999) . The main advantage of using POALINs over SNPs in this context is that Alu insertions are single occurring events during human evolutionary history, whereas SNPs may result from parallel substitutions involving multiple evolutionary events. Thus, POALINs are useful molecular candidates for investigating the origins of human haplotypes, ethnic groups and disease associations (Deninger & Batzer, 1999) .
A large number of small conserved haplotype blocks or linked genomic sequences were reported recently in a study of 201 SNPs covering nine classical HLA loci and two TAP genes (TAP1 and TAP2) between the HLA-A and the MLN loci of the MHC genomic region (Walsh et al. 2003) . However, the ∼ 310-kb genomic region between the HLA-J and HLA-F genes, that we designate here as the alpha block, was not fully characterized. The alpha and beta blocks within the class I region of the MHC were previously defined as a linkage (haplotype) group of polymorphic genomic sequences that are restricted to blocks of sequences from the HLA-J to the HLA-F genes and from the MICB to HLA-C genes, respectively (Dawkins et al. 1999 ). The MHC alpha and beta blocks were also considered to be 'duplication blocks' that harbour clusters of coding and non-coding (pseudogenes) HLA class I and MIC genes (Kulski et al. 2002b ). The diversity of HLA class I and MIC genes within the alpha and beta blocks, as well as the multi-locus (six locus HLA-DQB1, HLA-DRB1, MICA, HLA-B, HLA-C and HLA-A) haplotypes, have also been described in a large population sample of Northeastern (NE) Thai individuals (Romphruk et al. 2001) . Although the beta block was represented in this analysis by the HLA-B, HLA-C and MICA loci, the alpha block was limited to only the HLA-A locus. We previously analysed and reported on HLA-A haplotypes composed of three POALINs within the MHC alpha block of Australian Caucasians and Japanese . Therefore, a novel approach in MHC haplotype studies is to consider POALIN haplotypes in relation to the recognized HLA-A alleles as an alpha block haplotype of four loci. The population sample of NE Thais, together with their HLA class I genotypic data and POALINs, provides a unique opportunity to further investigate the alpha and beta blocks for new HLA-POALIN associations and haplotypes.
Here, we report on the individual insertion frequency of the five POALINs within the MHC class I region, their HLA-A and -B associations, and the three and four locus alpha block POALIN haplotype frequencies in the NE Thai population.
Materials and Methods

Genomic DNA and HLA-A and -B typing
Genomic DNA was obtained from 192 unrelated healthy NE Thai individuals (Romphruk et al. 2001) . The HLA-A and -B alleles were typed by the polymerase chain reaction-sequence-specific primers (PCR-SSP) technique (Romphruk et al. paper in preparation) 
POALINs and PCR assay
The polymorphic Alu insertions (POALINs) used were located in the class I region from MICB to telomeric of HLA-F (Fig. 1 ). Primers were designed in the regions flanking the POALINs so that PCR products for the absence and the presence of the POALIN were distinguished from each other by their different sizes. Here, we define the absence of the Alu insertion at a POALIN locus as the Aluy * 1 allele and the presence of the Alu insertion as the Aluy * 2 allele. The PCR assays for the various POALINS were the same as those described in previous reports (Dunn et al. , 2003a Kulski et al. 2001 Kulski et al. , 2002 . Briefly, the PCR solution (20 µl) contained 20 ng of template DNA, primers at 10 µM each, dNTPs at 2 mM each, 0.5 -1.0 units of AmpliTaq polymerase (Applied Biosystems, Foster City, CA) and 3 mM MgCl 2 in 10 mM Tris-HCl buffer pH 8.3. PCR was performed using a Perkin Elmer 2700 Thermal cycler programmed for 35 cycles with a denaturation (96 • C -30 sec), annealing (68
62
• C for other -45 sec) and extension (72
step at each cycle. The reaction products were analysed by horizontal gel electrophoresis in 2% agarose using Tris-borate-EDTA running buffer. Fragments of different sizes were produced for either the presence or the absence of the POALIN, seen as a single fragment size in homozygous samples and as two fragments in the heterozygous samples (Fig. 2) . Two DNA samples from the International Histocompatibility Workshop (IHW) panel were used as controls, one homozygous for the absence and the other homozygous for the presence of Alu insertions. Mixtures of the two controls were also included as heterozygous controls with each PCR run.
Calculation of Frequencies and Statistical Analysis
Allele frequencies (AF) were calculated using the formula: AF = sum of each individual allele/2N, where N equals the total number of individuals. Hardy-Weinberg (H-W) equilibrium analysis was performed for each of these POALINs. Heterozygosity (H) (Ott, 1992) was estimated as 1 − (p 2 + q 2 ), where p and q are the allele frequencies. Three loci haplotypes (three class I alpha block POALINs) and four loci haplotypes (HLA-A plus the three loci POALIN haplotype) were constructed for each individual sample. Haplotype frequencies ('observed') and H-W equilibrium were performed using the Arlequin computer program (Schneider et al. 2000) . Significance of the differences between the haplotype frequencies for the NE Thai, Japanese and Australian Caucasians were determined by a contingency test (Fisher's exact test). A contingency test was also performed to determine the significant difference between the 'expected' and 'observed' haplotype frequencies for single and multiple POALINs. 'Expected' haplotype frequencies were calculated as the products of the allele frequencies, while the frequency of the single POALIN-containinghaplotype was determined by summing all the haplotype frequencies that had only one of the POALINs. Similarly, the frequency of the multiple POALINcontaining-haplotype was determined by summing all the haplotype frequencies that contained more than one POALIN. The 2 × 2 contigency table was populated with proportions of the 192 individuals and constructed with the 'expected' versus 'observed' haplotype frequencies for both the single and multiple POALIN haplotypes.
HLA associations were determined by calculating the percentage of individuals sharing the same HLA allele and an Alu insertion. Linkage disequilibrium was represented as the delta measurement developed by Bengtsson & Thomson (1981) and defined as (p A − p B )/(1 − p B ), where p A is the frequency of HLA alleles in individuals with the POALIN and p B is the frequency of HLA alleles in individuals without the POALIN. When a negative delta value was obtained, a rearrangement of the variables was applied, whereby the delta prime (delta') is defined as (p B − p A )/(1 − p A ). Fig. 1 shows the location of the five POALINs and the alpha, beta and kappa blocks within the ∼ 1.8 Mb MHC class I region. Here we refer to the alpha, beta and kappa blocks as genomic regions within the MHC class I that harbour clusters of coding and non-coding (pseudogenes) HLA class I and MIC genes . AluyMICB is located in the beta block within the first intron of the MICB gene, AluyTF is located in the region between the beta and kappa blocks close to the TFIIH and CDSN genes, and the remaining three elements are located within the alpha block: AluyHJ close to HLA-J, AluyHG close to HLA-G and AluyHF close to HLA-F.
Results and Discussion
The largest POALIN allele frequency of 0.292 (p > 0.40) in the NE Thais was detected for the AluyHJ and AluyHG loci ( insertion frequency in the NE Thais was similar to the Australian Caucasians (0.301) and Japanese (0.270) whereas the AluyHJ frequency was lower in the Australians (0.252) and higher in the Japanese (0.376) (Dunn et al. 2002a ) than in the NE Thais (0.292). The AluyMICB insertion (AluyMICB * 2) occurred at a frequency of 0.117, similar to the frequency of 0.118 previously reported in a sample size of 200 ). This frequency of 0.117 (p>0.80) in the NE Thais was lower than in the Australian Caucasians (0.157) (Kulski et al. 2002a) and Japanese (0.242) (Dunn et al. 2003b) . Similarly, the frequency of the AluyHF * 2 allele in the NE Thais (0.018) was lower than that observed in the Australian Caucasians (0.203) and Japanese (0.064) populations. All five POALINs were in H-W equilibrium. These observations revealed that the POALIN frequencies in the NE Thais were either between or below the POALIN frequencies of the Caucasians and the Japanese and, therefore, may be useful for population studies in a similar way as POALINs from other genomic regions (Antunea-de-Mayolo et al. 2002; Stoneking et al. 1997; Watkins et al. 2001) . Haplotypes were constructed from the three POALINs 'AluyHJ-AluyHG-AluyHF' that are located within a 320kb genomic region called the alpha block (Fig. 1) . Table 2 lists the haplotype identification (A to G) and haplotype definition (POALIN allelic state), their expected frequencies (from allele frequencies), their observed frequencies (HF) and comparisons of the NE Thais with Australian Caucasian and Japanese haplotypes. Assuming no linkage disequilibrium for the three POALINs (loci), we would expect eight haplotypes. However, only six haplotypes were observed (A to F) in the NE Thais and Japanese, and seven haplotypes (A to G) in Australian Caucasians. The haplotype H, containing an Alu insertion (allele 2) at all three loci within the alpha block, was not observed. No significant difference was observed between the NE Thai and Japanese haplotypes, but a significant difference was observed between the NE Thai and Australian Caucasian haplotypes B (<0.001) and E (<0.0001). This observation supports a closer relationship between the NE Thais and Japanese than with Caucasians.
In comparison to the three POALIN haplotypes, no significant differences (p > 0.05) were found between the NE Thais, Australian Caucasians and Japanese for the two locus POALIN haplotypes of the alpha block. Similarly, there was no significant difference (p > 0.05) for the AluyMICB and AluyTF haplotypes between the three populations (data not shown).
A large percentage (55.1%) of the NE Thai haplotypes detected had either one of the POALINs inserted, and 42.1% were found to have no insertions. Therefore, only 2.7% of the haplotypes had a POALIN insertion at more than one locus. Even though the individual haplotype frequencies appear to be similar, the difference is evident when the sum of the single POALIN haplotypes is considered relative to the multiple POALIN haplotypes. More single POALIN containing haplotypes than multiple POALIN containing haplotypes were observed when compared to the expected. This difference supports the idea that recombination events probably account for the small number of multiple POALIN haplotypes, and that recombinations may have occurred more frequently within the alpha block (Walsh et al. 2003) than previously considered (Dawkins et al. 1999 ). The probability of independent insertions of two or more elements at the same nucleotide site was estimated presumably to be close to zero (Batzer et al. 1990 ). Based on the estimation that with every new Alu insertion only 100-200 Alu elements within the human genome will be polymorphic after a million years (Baxter et al. 1990) , we would expect to find only one polymorphic Alu element within the 1.8 Mb MHC class I region per haplotype. Because the likelihood of Alu insertions occurring at different loci within the same individual (haplotype) is extremely rare, haplotypes with multiple POALIN sites (two or more) have most probably arisen by recombination of haplotypes with single but different polymorphic Alu elements.
The number and percentage of HLA-A and -B alleles associated with POALINs are shown in Tables 3  and 4 . The delta value of the linkage disequilibrium between the HLA-A or -B allele and a particular POALIN is also given. An association between the HLA alleles and the presence of a POALIN was AluyMICB, were the same as in the Australian Caucasians and Japanese (Dunn et al. , 2003a Kulski et al. 2001 Kulski et al. , 2002a ). The haplotype analysis of the three POALIN loci and HLA-A locus within the alpha block (Fig. 1) of the NE Thais clearly supports the strong HLA-A and POALIN associations. Table 5 lists the haplotype identities, definition (allelic state) and frequencies of the four locus alpha block haplotypes. The list includes only the haplotypes that would yield at least one individual carrying the listed haplotype (a haplotype frequency greater than 0.0025); therefore, only thirty-two haplotypes were listed. The four loci (alpha block) haplotypes were named by employing an alpha-numeric code: a number that refers to the HLA-A allele, followed by the same letter that was used for the three loci POALIN haplotypes. Haplotypes deficient in Alu insertions were the most prevalent. The haplotype 24C with the AluyHJ insertion and the haplotypes 0207D and 0203D with the AluyHG insertion were relatively prevalent with frequencies of 0.196, 0.149 and 0.080, respectively. These five haplotypes, 11A, 33A, 24C, 0207D and 0203D, yielded an expected number of at least one homozygous individual in a total sample size of 192 individuals. The same HLA-A allele was observed in different haplotypes ( 
